In France, the food and agriculture industry employs 15% of the female industrial workforce. 20 Work in this industry involves many risk factors such as repetitive manipulations, work on assembly lines and other physical and mental stressors. 21 Moreover, in many instances, for sanitary reasons, food processing has to be carried out at low temperatures, sometimes as low as 0-6°C in slaughterhouses and meat processing factories.
Data collected in 1987-1988 on French workers in poultry slaughterhouses and canning factories offer the opportunity to identify characteristics which may be risk factors for Raynaud's phenomenon, with a special interest in working conditions, in an occupational population of women and men exposed to cold, but not to vibration.
POPULATION AND METHODS

Study Population
The survey was carried out in 1987-1988 in 17 poultry slaughterhouses and six canning factories, in western France. These factories were selected according to region and size (number of employees). The study population included all workers employed on 1 January 1987, administrative staff excluded. In factories employing fewer than 200 workers, all employees satisfying the above criteria were included in the sample. In the larger factories, a sample of 1/2 or 1/3 was randomly selected. The total sample included 1686 people, 212 of whom were not investigated for the following reasons: sick leave 35, maternity or parental leave 51, lack of time of the physician 42, resignation 31, redundancy 7, retirement 7, refusal 10, other or unknown 29. The remaining 1474 workers were interviewed and examined.
Data Collection
Data collection took place at the annual visit to the occupational health physician (mandatory in France); the employees completed a questionnaire on type of work, social and demographic characteristics, and living conditions; this questionnaire was checked by the physician or his/her assistant during the visit; details on working conditions were obtained by interview and included work organization, physical environment including temperature, physical effort, repetitiveness; a medical questionnaire covering symptoms, health status, and use of health services was completed by the occupational health physician.
Symptoms Associated with Exposure to Cold
The medical questionnaire included a list of questions on symptoms associated with exposure to cold: change of colour of the fingers, pain in fingers, numbness in fingers, symptoms occurring in attacks, length and frequency of these attacks. In the present study, Raynaud's phenomenon has been defined as attacks of white and numb fingers provoked by exposure to cold. This definition was very restrictive in comparison to the prevalence of symptoms considered one by one (Table 1) , and a similar analysis was carried out for 'finger sensitivity to cold', here defined as change of colour associated with pain or numbness.
Non-Occupational Characteristics
Potential risk factors considered for this study included both non-occupational characteristics of the employees and characteristics of their working conditions. The first category included factors for which an association with Raynaud's phenomenon has been established or suspected:
5 sex, history of finger sensitivity to cold among parents, grandparents, brothers or sisters, age, weight, height, treated hypertension, headaches, mention of current worries whether linked to occupation or not, present or previous tobacco use, present alcohol consumption. For women, menopausal status and oral contraception use were also considered.
Occupational Characteristics
Working conditions considered in the study cover four aspects: exposure to cold, level of noise, physical workload, and stress linked to mental load. Exposure to cold was characterized by the type of factory, the temperature generally being lower in poultry slaughterhouses than in canning factories, the room temperature described by the workers, and two factors influencing finger temperature-the use of plastic gloves and the manipulation of meat. The number of breaks, and whether these were taken in a heated place, were also considered. Local physical workload was assessed from the following factors: repetition of the same series of operations, exertion of the hand or the arm, exertion due to the weight of the tool or the object to be lifted, use of a knife. Stress linked to mental load was characterized by: lagging behind in work, being always or often able to think of something else while working, repetitive work, assembly line work, bad relationship with colleagues or superiors, dissatisfaction with work.
Joint pain of the hand or the wrist was also considered, as it may be influenced by the same working conditions.
Analysis
The first stage was to study the prevalence of Raynaud's phenomenon and finger sensitivity to cold in relation to each of the individual and occupational characteristics, for women and men separately. To save space, only results for Raynaud's syndrome are shown in the tables, but results for finger sensitivity to cold are summarized in the text. The second stage was multiple logistic regressions to estimate the role of each characteristic, controlling for the others. At this stage individual factors known to be associated with Raynaud's phenomenon were considered: sex, family history of finger sensitivity to cold, age, treated hypertension, headaches. Occupational factors were included in the models if they were significantly related to Raynaud's phenomenon or to finger sensitivity to cold in the first stage. The tables show adjusted odds ratios and 95% confidence intervals. The analysis was carried out with SAS software, at the INSERM computer centre (SC5).
Numbers vary slightly according to the studied characteristics, because of missing data. Logistic regressions were done for all subjects for whom data on all variables included in the model were available. Table 1 shows that all symptoms were more frequent among women than among men: 44% of women described a change in colour of fingers when exposed to cold, compared with 22% of men. Finger whitening was described by 19% of women, and 9% of men. Pain and numbness were more frequent in cases where the colour changed, especially with whitening ( Table 2 ). Sudden attacks of symptoms also occurred more frequently in cases of whitening.
RESULTS
Description of Symptoms
In total, 15% of women and 6% of men had white and numb fingers, and 9% and 2% had Raynaud's phenomenon respectively, according to the definition used in this study, i.e. attacks of whitening and numbness of fingers (Table 1) ; 91% of women and 79% of men with Raynaud's phenomenon said that attacks occurred while they were working, 43% of women and men said that, during these attacks, they were obliged to interrupt their work. Fifty-five per cent of women and men with Raynaud's phenomenon also said that they had symptoms away from the workplace. More than 60% of the subjects had attacks at least once a week. In at least 75% of cases, first symptoms appeared after they had started working in the studied factories, and for 70% of cases this was after the age of 20.
Finger sensitivity to cold, i.e. change of colour and numbness or pain, was described by 37% of women and 18% of men (Table 1) , and for 37% of them, symptoms were serious enough to oblige them to interrupt their activity.
Employee Characteristics and Raynaud's Phenomenon
The analysis has been carried out separately for women and for men. However there are few cases among male workers so the power of the tests is limited. Nonetheless, it is possible to verify if the trends are in the same direction for both sexes.
Raynaud's phenomenon was more frequent among employees (women or men) with a family history of cold sensitivity, but no significant relationship was observed with age, or treated hypertension (Table 3) , nor with weight or height (results not shown). Raynaud's phenomenon was significantly more frequent among women with headaches, or having worries; these relations were not observed for men. No clear assocation was found with tobacco use, or alcohol consumption (Table 4) . Among women, no relation was observed with menopausal status or use of oral contraception, even after controlling for age (results not shown). However, among women, Raynaud's phenomenon was more frequent if there had been joint pain of the wrist or hand during the previous year (17% versus 7%). Similar results were obtained for finger sensitivity to cold. Occupational Characteristics and Raynaud's Phenomenon Raynaud's phenomenon was more frequently observed in poultry slaughterhouses than in canning factories and when the individual had been employed for at least 5 years (Table 5 ). Among women, the crude analysis of working conditions showed a higher prevalence of Raynaud's phenomenon when breaks were taken in an unheated place. The use of plastic gloves and having to manipulate meat were also associated with a higher prevalence of Raynaud's phenomenon. In relation to physical workload, a higher prevalence of Raynaud's phenomenon was observed when there was continual repetition of the same series of operations, exertion of the hand or the arm, or exertion caused by the weight of the tool or the object to be lifted, but not for the use of a knife. Lagging behind in work and being always or often able to think of something else while working were also associated with a higher risk of Raynaud's phenomenon. Among men, the trend was the same, although not significant. No
The analysis of finger sensitivity to cold mostly gave the same results: the main differences included a significantly higher frequency of symptoms among employees working at the lowest temperatures and among those having less than four breaks, and stronger relationships with characteristics of stress and satisfaction.
Adjusted Analysis
After controlling for non-occupational factors and type of factory, a significantly increased risk of Raynaud's phenomenon was found with the following working conditions (Table 6 ): less than four breaks (including lunch break and snack break), taking breaks in an unheated room, continual repetition of a series of operations, exertion due to the weight of the tool or object to be lifted, being able to think of something else while working, and at the limit of significance, the use of plastic gloves. Each of these work characteristics was associated with a twofold increase in risk. No significant association was observed with room temperature. No interaction was found between the risk factors.
Even after controlling for working conditions, the risk of Raynaud's phenomenon remained higher in poultry slaughterhouses than in canning factories. An analysis carried out for slaughterhouses alone found the same results as those on the total sample. Similar results were obtained for finger sensitivity to cold (Table 7) ; however, there was no difference between the two types of factories, but finger sensitivity to cold was significantly more common among workers exposed to the lowest temperatures, under 7°C.
DISCUSSION
This study showed that, among workers in poultry slaughterhouses and canning factories, the prevalence of Raynaud's phenomenon was 9% for women and 2% for men. These figures relate to a restrictive definition of the disorder: whitening and numbness of fingers occurring in attacks. However, finger sensitivity to cold, change in colour associated with pain or numbness, was much more common, described by 37% of women and 18% of men. After controlling for sex, age and family history, the disorder was found to be significantly associated with several work characteristics.
As in other epidemiological studies, we have considered all cases of Raynaud's phenomenon, including those which may be secondary to, or associated with, other diseases such as scleroderma, and which are very rare in population studies. 6, 10, 16 Because the study was cross-sectional, the observed prevalence of Raynaud's phenomenon probably underestimates the actual situation. It is possible that some of the most affected workers have left this sector of production, where they have to work in the cold for much of the time, and where their symptoms prevent them from performing their tasks: 40% of the affected employees said they were obliged to interrupt their activity during attacks. It would have been interesting to know if finger sensitivity to cold and Raynaud's phenomenon were more frequent in this population occupationally exposed to cold than in the general population. Unfortunately, because of the differences between studies in definition and method of assessment mentioned in the introduction, and their impact on the estimation of prevalence, 6, 16, 22 it is not possible to determine this.
Although the study was cross-sectional, the working conditions we have identified as risk factors in the study were not known as such when the data were collected, either by the employees, or by the physicians. Thus, investigation bias should be at worse very limited. However, employees'answers in relation to certain working conditions may have been inaccurate, thus decreasing the power in the analysis of the role of these working conditions. For some working conditions, we were able to compare the description given by the workers and a description made by the occupational health physician. A fairly good agreement was found for characteristics of the physical workload, such as continual repetition of a series of operations and work on an assembly line; agreement was lower for characteristics of the mental workload. 23 In our study, the prevalence of Raynaud's phenomenon and finger sensitivity to cold were much higher among women than men. This commonly accepted result was found in other studies. [7] [8] 10, [13] [14] [15] [16] [17] [18] 24 Prevalence increased slightly with age, a result observed in some studies, 8, 11 but not in others. 7, 12, 25 In an occupational population, as age is an indicator of length of exposure, increasing prevalence with age is consistent with the disease having an occupational origin. Moreover, the selection phenomenon mentioned above, linked to an earlier departure of the most affected workers, can underestimate the relation with age.
Family history of finger sensitivity to cold appeared as an important risk factor in our study. However the association may have been overestimated because those who are affected by Raynaud's phenomenon may be more aware than others of the existence of a similar disorder among members of their family. A familial predisposition to Raynaud's phenomenon is usually accepted, but there have been few studies: it has been described by Riera 17 and by Maricq et al. 9 and De Trafford et al. 24 only for women with initial symptoms, and by Leppert et al. 12 for women most severely affected. In our population, a family history was described by 19% of women and 10% of men. Such a difference can only be explained by differences in reporting. For most health problems, women describe more diseases and symptoms than men, 26 and have more frequent use of the health services. 27 It would seem that this difference in attitude towards one's own health also exists towards the health of one's next-ofkin. However, family history did appear as a risk factor for men as well as women.
In the pathophysiology of Raynaud's phenomenon, similar mechanisms have been suspected for Raynaud's phenomenon and migraine; five studies have found an association between the two diseases. 12, 17, 24, 28, 29 However, in one study, the relation was found only for women, 17 and in another, migraine was more common among subjects affected by Raynaud's phenomenon than among controls, but non-migrainous headaches were more common in controls. 29 In our study, the relation between Raynaud's phenomenon and headaches was no longer significant when other factors were controlled for; we had no way of distinguishing migrainous from non-migrainous headaches. Hypertension and its treatments have also been associated with Raynaud's RISK FACTORS FOR RAYNAUD'S PHENOMENON 377 phenomenon: the two epidemiological studies which looked for such an association did not find it. 12, 13 However, in a study on vibration white fingers among lumberjacks, 30 affected workers had higher blood pressure than non-affected ones. One study found a relation between blood pressure and Raynaud's phenomenon among subjects on antihypertensive treatment. 25 In our study, we did not find any relation between treated hypertension and Raynaud's phenomenon. We did not find any relation either with weight or height, a result similar to that of Leppert et al. 12 However, one study found a lower Quetelet index in affected subjects. 25 For women, a possible link with hormonal status has been discussed; 24, 31 we did not find any relation with menopausal status or oral contraceptive use. Raynaud's phenomenon has been described more frequently by employees who had joint pain of the wrist or the hand; a similar result was observed for muscle and joint pain at any location, 12 and, among subjects exposed to vibration, for those with a history of hand injuries. 30 However, other studies are needed to understand this result.
In our study, we did not find any relation between tobacco use and Raynaud's phenomenon. The potential role of tobacco smoking has been discussed because of its effects on peripheral circulation and finger temperature. 5, 32 Several studies have looked for such a relation, without finding it. 5, 13, 17, 25, 28, 30, 32 Two studies have found an association between smoking 12 or the quantity smoked 13 and finger sensitivity to cold, but not with Raynaud's phenomenon. Among subjects with suspected vibration white finger, a higher proportion of smokers was observed in the most affected cases, and a higher reactivity to a cold provocation test was found among smokers; 33 however, confounding factors were not controlled for. In our study as in that of Riera et al. 17 there was no relation with alcohol consumption. Only one study found an increasing risk of Raynaud's phenomenon with the quantity of alcohol consumed. 25 For working conditions studied in relation to Raynaud's phenomenon, literature is limited to vibrations and, to a lesser extent, to chemical exposures. 2, 4 The increased risk we found associated with the continual repetition of the same series of operations, and with exertion of the arm is compatible with the hypothesis of the role of heavy local physical workload. 5 If cold exposure is considered as a triggering factor, its potential aetiologic role is also discussed. 5 In our study, although symptoms were more frequent among employees working at the lowest temperatures, we did not find a strong relation of Raynaud's phenomenon with the temperature described by the employees: it is possible that their estimation was not accurate enough, thus decreasing the power of the analysis. It is also possible that the contrast between the workplaces surveyed was not large enough to allow for a real difference in prevalence of Raynaud's phenomenon. For local temperature, the use of plastic gloves had a greater impact than the manipulation of cold objects. In relation to temperature, a larger number of breaks and breaks in a heated place seemed to reduce the risk, whereas a negative effect of alternate rewarming and cooling was expected. 34 It is also possible that cold exposure has an indirect effect, for example on the local physical load, because of the decreased muscular strength and manual dexterity, and the compensating effort which will be required. 35 In spite of the hypothesis related to noise (Jansen, quoted by Gemne 5 ), we did not find an excess of Raynaud's phenomenon in employees who said they were exposed to a high level of noise. Among indicators of mental load and stress, also mentioned as possible factors in the disease, 5 being always or often able to think of something else appeared as the only risk factor.
Raynaud's phenomenon was more frequent in poultry slaughterhouses than in canning factories. Some of the working conditions found to be risk factors for acrosyndromes were significantly more common in slaughterhouses than in canning factories. However controlling for these working conditions did not abolish this difference. Such results are not easy to interpret; we may however assume that a characteristic such as the type of production is an indirect indicator of a whole set of working conditions not completely accounted for in our analysis.
This study, as well as those published previously, is cross-sectional, which can limit the interpretation of some of the results, as discussed above. However, a follow-up of the workers has just been completed, and it will be possible to look at changes in symptoms: worsening or improvement, evolution from cold sensitivity to Raynaud's phenomenon, to analyse the role of Raynaud's phenomenon in keeping or losing one's job and to check inconsistencies in the associations between working conditions and Raynaud's phenomenon.
CONCLUSION
Our study showed that besides individual characteristics several related to the workplace and the work itself were risk factors for Raynaud's phenomenon, and more generally finger sensitivity to cold, especially among employees of poultry slaughterhouses. These characteristics relate mainly to the number and place of breaks, the local physical workload, continual repetition of the same series of operations, exertion of the hand or the arm, the repetitive aspect of the work. Although several of these factors involve a high proportion of employees in this production sector, each was associated with a twofold increase in the risk of Raynaud's phenomenon, independently from other factors. Even if other studies are needed to evaluate better the role of temperature and noise levels, the results show on which working conditions preventive actions could be focused.
